Summary: An immunoblotting procedure for the sensitive detection of Bence Jones proteinuria following agarose gel electrophoresis was developed.
Introduction
.
Another method (yielding quantitative results) is the im-. j . ~ ι ι Λ. i-i.* u · /D munochemical determination of κ and λ light chain conHie detection of monoclonal free light chains (Bence . . . * ,T . . . . ι -j · .* «. centrations m urine samples (2) . Jones proteins) in unne samples provides important ^ v ' diagnostic and prognostic information of B-cell malig-Immunoblotting has been proposed as an alternative nancies with a monoclonal proliferation of plasma and method for qualitative detection as well as heavy and lymphoplasmacytoid cells, respectively. The usual approach for qualitative detection of Bence method the protein pattern generated in a gel is transferJones proteins in urine samples by immunofixation red to a porous membrane (e. g. nitrocellulose) to profollowing agarose gel electrophoresis is more sensitive duce a replica; the purpose of this transfer is to facilitate than immunoelectrophoresis (for review see I.e. (1)). the binding of antibodies to their corresponding antigens on the membrane yielding a higher analytical sensitivity compared with immunofixation (for review see 1. c. (4)).
The present communication describes an immunoblotting procedure (following agarose gel electrophoresis) for detection of Bence Jones proteinuria in comparison with immunofixation (following agarose gel electrophoresis) and immunonephelometric determination of light chain concentrations.
Materials and Methods

Samples
We examined aliquots from 24-h collections of 65 urine samples. These were all urine samples sent to our laboratory for routine screening for Bence Jones proteinuria over a 2-month period.
Immunoblotting following agarose gel electrophoresis Urine samples were diluted to 2.5 mg/l κ and λ light chains, respectively (as determined immunonephelometrically; see below) with Έ-2 barbit l buffer' (component of the Paragon® electrophoresis kit; see below). In case of urine samples showing light chain concentrations below the detection limit (as determined immunonephelometrically; see below) native urines were employed. Five μΐ of diluted urine samples were electrophoretically separated in agarose gels for 30 min using the Paragon® system according to the manufacturer's recommendations.
Immunoblotting was performed by capillary diffusion as described earlier (3) The occurrence of at least one homogeneous band reacting with only one of these two antisera was considered to represent the presence of a monoclonal immunoglobulin. In order to differentiate between Bence Jones proteins and an urinary excretion of intact monoclonal immunoglobulins, antisera against κ free light chains and λ free light chains (no. A 100 and A 101) as well as antisera against γ, α and μ chains (no. A 423, A 262 and A 425) were used. All antisera were diluted 1 + 100 with Tris · HC1 buffer (20 mmol/1, pH 7.5, with 500 mmol/1 NaCl) containing 0.5 ml/1 Tween® 20 and 10 g/1 gelatine. Goat anti-rabbit IgG alkaline phosphatase conjugate was employed as second antibody. Colour development took place with nitroblue tetrazolium and an indolyl phosphate derivative.
Immunofixation following agarose gel electrophoresis tection limit was 3 mg/1 for λ chains and 5 mg/1 for κ chains. An optimal discrimination between monoclonal and polyclonal urinary light chains was assumed to be given using decision limit values of the κ/λ ratio of 5.2 and 1.0, respectively (2).
For comparison between quantitative values and immunoblotting see table 2.
Results
Immunoblotting -detection limit and frequency of monoclonal bands observed
Serial dilutions with several urine samples containing monoclonal free κ and free λ light chains were done. The detection limit (monoclonal component concentration) was 0.3 ing/1 urine.
In 65 urine samples, a total of 32 monoclonal components was found in 20 urines by immunoblotting (24 free κ light chains, 4 free λ light chains, 2 monoclonal IgGK and 2 monoclonal IgGX). The number of monoclonal bands observed by immunoblotting ranged from 1 to 4 per urine sample (figs, la to Ic).
Comparison between immunoblotting and immunofixation
Out of 65 urine samples, a total of 10 monoclonal components was found in 9 urines by immunofixation (8 free κ light chains, 1 free λ light chain and 1 monoclonal IgGK). The number of monoclonal bands observed by immunofixation ranged from 1 to 2 per urine sample. For comparison between immunofixation and immunoblotting see table 1.
Comparison between immunoblotting and quantitative light chain determination
Range of κ light chain concentrations was < 5 to 160 mg/1 (median ± SEM: 21 ± 4 mg/1) whereas the range of λ light chain concentrations was < 3 to 117 mg/1 (median ± SEM: 13 ± 3 rng/1). In 5 out of 65 urine samples a κ/λ ratio < 1 or > 5.2 (decision limits for discriminating between monoclonal and polyclonal urinary light chains as suggested by 1. c. (2)) was observed.
Discussion
Immunoblotting is superior to immunofixation as well as immunonephelometric determination of light chains with respect to the detection of Bence Jones proteinuria. This applies not only to the number of urine samples being positive for monoclonal components but also to the number of monoclonal bands detected per urine sample. Multiple bands appearing in urine samples are most probably due to the association of monomeric light chains to multimers (5) or due to a proteolytic degradation of the Bence Jones proteins yielding charge as well as size isoforms (6).
The increased diagnostic sensitivity of the immunoblotting method (7, 8) as compared with immunofixation is due to several factors:
(a) No concentration step is required thus avoiding loss of Bence Jones proteins during ultrafiltration.
(b) Immunoblotting is characterized by higher analytical sensitivity because the transfer of the proteins to the blotting membrane facilitates diffusion of the antibodies to their corresponding antigens (4). The typical detection limit of an immunofixation procedure is only 20-30 mg/1 (9) compared with 0.3 mg/1 as found for our immunoblotting method.
(c) Repeated analyses of different antigen concentrations have to be performed for immunofixation procedures because a precipitation of immune complexes is required.
By application of immunoblotting, however, monoclonal bands can be seen using only one combination of sample concentration and antibody dilution.
For the quantitative determination of urinary immunoglobulin light chains the following has to be taken into account: One of our samples showed a κ/λ ratio (as determined immunonephelometrically) < 1 in spite of a polyclonal pattern as revealed by electrophoretic techniques. This corresponds to previous findings in urine (2) as well as serum (10) samples showing κ/λ ratios below/above the decision limits without presence of monoclonal components by immunofixation. Only 4 out of our 9 samples with monoclonal components (as detected by immunofixation) were characterized by κ/λ ratios < 1 or > 5.2 whereas Boege et al. (2) found that all of 40 urine samples examined by them with monoclonal bands (as detected by immunofixation) were characterized by altered κ/λ ratios. A possible explanation for this discrepancy are the higher concentrations of the immunoglobulin light chains in the urine samples examined by Boege et al. (2) (13-30000 mg/1). Moreover, the tendency of free light chains in urine samples to form reversible polymers may cause inaccuracies of the immunonephelometric determination (2).
The high sensitivity of the immunoblotting method presented in this communication may be used e. g. for*"the detection of residual tumour mass in patients with B cell malignancies following chemotherapy.
